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Metallic uranium-based alloys, with d-transition metals such as Nb, Mo, and Zr, are 

promising candidates for actinide fuel. For this purpose, their behaviors under changing 

physical stimuli need to be understood. Here, we systematically investigate U–Nb 

intermetallic compounds and predict new compound formations under different 

pressures using the first-principles swarm-intelligence structure searching method. Two 

new compounds (U1Nb6 and U2Nb1) were identified to be thermodynamically stable at 

ambient and high pressures. U1Nb6 has a triclinic symmetry that is stable in the 

pressure range of 0–200 GPa, while U2Nb1 has a hexagonal closely packed structure at 

low pressure and transforms to a simple hexagonal lattice at 20 GPa. Other compounds, 

particularly U-rich ones (U3Nb1, U4Nb1, U5Nb1, and U6Nb1), are found metastable at 

ambient and high pressures, and all have orthorhombic structures. The structural, 

vibrational, electronic, and mechanical properties of predicted U-rich compounds were 

thoroughly studied using density-functional theory. The results of phonon spectra and 

elastic constant show that the predicted new structures are dynamically and 

mechanically stable in the corresponding pressure range. Also, these newly identified 

U-rich compounds exhibit strong composition dependence, and the pressure-induced 

enhancements of structural stability and mechanical performances are evident. These 



findings shall enrich the understanding of U-based alloys and serve as meaningful 

predictions for experimental research in the future. 
Topics 
Density functional theory, First-principle calculations, Phase transitions, Elastic 
modulus, Materials properties, Chemical elements, Crystal lattices, Crystal 
structure, Phonon spectroscopy, Stoichiometry 

REFERENCES 

1. 
J. M. 
  
Wills 
 and  
O. 
  
Eriksson 
,  
Phys. Rev. B 
  
45 
,  
13879 
 ( 
1992 
).  
https://doi.org/10.1103/PhysRevB.45.13879 
Google Scholar 
Crossref 
  
  
2. 
C. S. 
  
Yoo 
,  
H. 
  
Cynn 
, and  
P. 
  
Söderlind 
,  
Phys. Rev. B 



  
57 
,  
10359 
 ( 
1998 
).  
https://doi.org/10.1103/PhysRevB.57.10359 
Google Scholar 
Crossref 
  
  
3. 
I. A. 
  
Kruglov 
,  
A. 
  
Yanilkin 
,  
A. R. 
  
Oganov 
, and  
P. 
  
Korotaev 
,  
Phys. Rev. B 
  
100 
,  
174104 
 ( 
2019 
).  
https://doi.org/10.1103/PhysRevB.100.174104 
Google Scholar 
Crossref 
  
  
4. 
K. 
  
Tangri 



 and  
G. 
  
Williams 
,  
J. Nucl. Mater. 
  
4 
,  
226 
 ( 
1961 
).  
https://doi.org/10.1016/0022-3115(61)90129-5 
Google Scholar 
Crossref 
  
  
5. 
M. 
  
Anagnostidis 
,  
M. 
  
Colombie 
, and  
H. 
  
Monti 
,  
J. Nucl. Mater. 
  
11 
,  
67 
 ( 
1964 
).  
https://doi.org/10.1016/0022-3115(64)90122-9 
Google Scholar 
Crossref 
  
  
6. 
Y. 



  
Takahashi 
,  
M. 
  
Yamawaki 
, and  
K. 
  
Yamamoto 
,  
J. Nucl. Mater. 
  
154 
,  
141 
 ( 
1988 
).  
https://doi.org/10.1016/0022-3115(88)90127-4 
Google Scholar 
Crossref 
  
  
7. 
K. H. 
  
Eckelmeyer 
,  
A. D. 
  
Romig 
, and  
L. J. 
  
Weirick 
,  
Metall. Trans. A 
  
15 
,  
1319 
 ( 
1984 
).  
https://doi.org/10.1007/BF02648560 



Google Scholar 
Crossref 
  
  
8. 
V. F. 
  
Peretrukhin 
,  
A. G. 
  
Maslennikov 
,  
A. Y. 
  
Tsivadze 
,  
C. H. 
  
Delegard 
,  
A. B. 
  
Yusov 
,  
V. P. 
  
Shilov 
,  
A. A. 
  
Bessonov 
,  
K. E. 
  
German 
,  
A. M. 
  
Fedoseev 
,  
L. P. 
  
Kazanskii 
,  
N. Y. 



  
Budanova 
,  
A. V. 
  
Kareta 
,  
A. V. 
  
Gogolev 
,  
K. N. 
  
Gedgovd 
, and  
G. S. 
  
Bulatov 
,  
Prot. Met. 
  
44 
,  
211 
 ( 
2008 
).  
https://doi.org/10.1134/S0033173208030016 
Google Scholar 
Crossref 
  
  
9. 
R. A. 
  
Vandermeer 
,  
Acta Metall. 
  
28 
,  
383 
 ( 
1980 
).  
https://doi.org/10.1016/0001-6160(80)90173-X 



Google Scholar 
Crossref 
  
  
10. 
G. L. 
  
Hofman 
,  
L. C. 
  
Walters 
, and  
T. H. 
  
Bauer 
,  
Prog. Nucl. Energy 
  
31 
,  
83 
 ( 
1997 
).  
https://doi.org/10.1016/0149-1970(96)00005-4 
Google Scholar 
Crossref 
  
  
11. 
W. J. 
  
Carmack 
,  
D. L. 
  
Porter 
,  
Y. I. 
  
Chang 
,  
S. L. 
  
Hayes 



,  
M. K. 
  
Meyer 
,  
D. E. 
  
Burkes 
,  
C. B. 
  
Lee 
,  
T. 
  
Mizuno 
,  
F. 
  
Delage 
, and  
J. 
  
Somers 
,  
J. Nucl. Mater. 
  
392 
,  
139 
 ( 
2009 
).  
https://doi.org/10.1016/j.jnucmat.2009.03.007 
Google Scholar 
Crossref 
  
  
12. 
S. 
  
Zhou 
,  
R. 
  
Jacobs 



,  
W. 
  
Xie 
,  
E. 
  
Tea 
,  
C. 
  
Hin 
, and  
D. 
  
Morgan 
,  
Phys. Rev. Mater. 
  
2 
,  
083401 
 ( 
2018 
).  
https://doi.org/10.1103/PhysRevMaterials.2.083401 
Google Scholar 
Crossref 
  
  
13. 
C. 
  
Behar 
, “ 
Generation IV international forum, technology roadmap update for generation IV nuclear 
energy systems 
,” in  
OECD Nuclear Energy Agency for the Generation IV International Forum 
 (Nuclear Energy Agency of the Organisation for Economic Cooperation and 
Development,  
2014 
), see https://www.gen-4.org/gif/upload/docs/application/pdf/2014-03/gif-tru2014.pdf. 
14. 
J. 
  



Koike 
,  
M. 
  
Kassner 
,  
R. E. 
  
Tate 
, and  
R. S. 
  
Rosen 
,  
J. Phase Equilib. 
  
19 
,  
253 
 ( 
1998 
).  
https://doi.org/10.1361/105497198770342265 
Google Scholar 
Crossref 
  
  
15. 
R. E. 
  
Hackenberg 
,  
D. W. 
  
Brown 
,  
A. J. 
  
Clarke 
,  
L. B. 
  
Dauelsberg 
,  
R. D. 
  



Field 
,  
W. L. 
  
Hults 
,  
A. M. 
  
Kelly 
,  
M. F. 
  
Lopez 
,  
D. F. 
  
Teter 
,  
D. J. 
  
Thoma 
,  
T. J. 
  
Tucker 
,  
C. J. 
  
Vigil 
, and  
H. M. 
  
Volz 
, “ 
U-Nb aging final report 
,” Los Alamos National Report No. LA-14327,  
2007 
. 
16. 
K. 
  
Tangri 
 and  
D. K. 
  
Chaudhuri 



,  
J. Nucl. Mater. 
  
15 
,  
278 
 ( 
1965 
).  
https://doi.org/10.1016/0022-3115(65)90076-0 
Google Scholar 
Crossref 
  
  
17. 
R. D. 
  
Field 
,  
D. J. 
  
Thoma 
,  
P. S. 
  
Dunn 
,  
D. W. 
  
Brown 
, and  
C. M. 
  
Cady 
,  
Philos. Mag. A 
  
81 
,  
1691 
 ( 
2001 
).  
https://doi.org/10.1080/01418610010010971 
Google Scholar 
Crossref 



  
  
18. 
V. V. 
  
Ogloblichev 
,  
Y. N. 
  
Zuev 
,  
S. V. 
  
Verkhovskii 
,  
S. V. 
  
Bondarchuk 
,  
A. Y. 
  
Germov 
,  
I. L. 
  
Svyatov 
, and  
A. P. 
  
Gerashenko 
,  
Phys. Met. Metallogr. 
  
121 
,  
670 
 ( 
2020 
).  
https://doi.org/10.1134/S0031918X20070078 
Google Scholar 
Crossref 
  
  
19. 
J. 



  
Zhang 
,  
D. W. 
  
Brown 
,  
B. 
  
Clausen 
,  
S. C. 
  
Vogel 
, and  
R. E. 
  
Hackenberg 
,  
Metall. Mater. Trans. 
  
50 
,  
2619 
 ( 
2019 
).  
https://doi.org/10.1007/s11661-019-05212-1 
Google Scholar 
Crossref 
  
  
20. 
J. 
  
Zhang 
,  
R. E. 
  
Hackenberg 
,  
E. B. 
  
Watkins 
,  
S. C. 



  
Vogel 
, and  
D. W. 
  
Brown 
,  
J. Nucl. Mater. 
  
542 
,  
152493 
 ( 
2020 
).  
https://doi.org/10.1016/j.jnucmat.2020.152493 
Google Scholar 
Crossref 
  
  
21. 
D. W. 
  
Brown 
,  
M. A. M. 
  
Bourke 
,  
A. J. 
  
Clarke 
,  
R. D. 
  
Field 
,  
R. E. 
  
Hackenberg 
,  
W. L. 
  
Hults 
, and  
D. J. 



  
Thoma 
,  
J. Nucl. Mater. 
  
481 
,  
164 
 ( 
2016 
).  
https://doi.org/10.1016/j.jnucmat.2016.09.004 
Google Scholar 
Crossref 
  
  
22. 
Y. 
  
Zhang 
,  
X. 
  
Wang 
,  
Q. 
  
Xu 
, and  
Y. 
  
Li 
,  
J. Nucl. Mater. 
  
456 
,  
41 
 ( 
2015 
).  
https://doi.org/10.1016/j.jnucmat.2014.09.004 
Google Scholar 
Crossref 
  
  



23. 
C. N. 
  
Tupper 
,  
D. W. 
  
Brown 
,  
R. D. 
  
Field 
,  
T. A. 
  
Sisneros 
, and  
B. 
  
Clausen 
,  
Metall. Mater. Trans. A 
  
43 
,  
520 
 ( 
2012 
).  
https://doi.org/10.1007/s11661-011-0931-5 
Google Scholar 
Crossref 
  
  
24. 
A. S. 
  
Wu 
,  
D. W. 
  
Brown 
,  
B. 
  
Clausen 



, and  
J. W. 
  
Elmer 
,  
Scr. Mater. 
  
130 
,  
59 
 ( 
2017 
).  
https://doi.org/10.1016/j.scriptamat.2016.11.010 
Google Scholar 
Crossref 
  
  
25. 
J. 
  
Zhang 
,  
S. 
  
Vogel 
,  
D. 
  
Brown 
,  
B. 
  
Clausen 
, and  
R. 
  
Hackenberg 
,  
J. Appl. Phys. 
  
123 
,  
175103 
 ( 
2018 



).  
https://doi.org/10.1063/1.5032308 
Google Scholar 
Crossref 
  
  
26. 
J. 
  
Zhang 
,  
R. E. 
  
Hackenberg 
,  
S. C. 
  
Vogel 
, and  
D. W. 
  
Brown 
,  
Appl. Phys. Lett. 
  
114 
,  
221901 
 ( 
2019 
).  
https://doi.org/10.1063/1.5095755 
Google Scholar 
Crossref 
  
  
27. 
C. 
  
Zhang 
,  
L. 
  
Xie 
,  
Z. 



  
Fan 
,  
H. 
  
Wang 
,  
X. 
  
Chen 
,  
J. 
  
Li 
, and  
G. 
  
Sun 
,  
J. Alloys Compd. 
  
648 
,  
389 
 ( 
2015 
).  
https://doi.org/10.1016/j.jallcom.2015.06.271 
Google Scholar 
Crossref 
  
  
28. 
A. 
  
Landa 
,  
P. 
  
Söderlind 
, and  
A. 
  
Wu 
,  
Appl. Sci. 



  
10 
,  
3417 
 ( 
2020 
).  
https://doi.org/10.3390/app10103417 
Google Scholar 
Crossref 
  
  
29. 
P. 
  
Söderlind 
,  
L. H. 
  
Yang 
,  
A. 
  
Landa 
, and  
A. 
  
Wu 
,  
Appl. Sci. 
  
11 
,  
5643 
 ( 
2021 
).  
https://doi.org/10.3390/app11125643 
Google Scholar 
Crossref 
  
  
30. 
J. J. 
  
Ma 



,  
C. B. 
  
Zhang 
,  
R. 
  
Qiu 
,  
P. 
  
Zhang 
,  
B. 
  
Ao 
, and  
B. T. 
  
Wang 
,  
Phys. Rev. B 
  
104 
,  
174103 
 ( 
2021 
).  
https://doi.org/10.1103/PhysRevB.104.174103 
Google Scholar 
Crossref 
  
  
31. 
S. 
  
Adak 
,  
H. 
  
Nakotte 
,  
P. F. 
  
De Chate 



, and  
B. 
  
Kiefer 
,  
Physica B 
  
406 
,  
3342 
 ( 
2011 
).  
https://doi.org/10.1016/j.physb.2011.05.057 
Google Scholar 
Crossref 
  
  
32. 
A. O. 
  
Adeniyi 
,  
A. A. 
  
Adeleke 
,  
X. 
  
Li 
,  
H. 
  
Liu 
, and  
Y. 
  
Yao 
,  
Phys. Rev. B 
  
104 
,  
024101 
 ( 
2021 



).  
https://doi.org/10.1103/PhysRevB.104.024101 
Google Scholar 
Crossref 
  
  
33. 
P. C. L. 
  
Pfeil 
,  
J. D. 
  
Browne 
, and  
G. K. 
  
Williamson 
,  
J. Inst. Met. 
  
87 
,  
204 
 ( 
1958 
). 
Google Scholar 
  
34. 
F. 
  
Rough 
 and  
A. 
  
Bauser 
,  
Constitution of Uranium and Thorium Alloys 
 ( 
Battelle Memorial Institute 
,  
1958 
). 
Google Scholar 
  



35. 
Y. C. 
  
Wang 
,  
J. 
  
Lv 
,  
L. 
  
Zhu 
, and  
Y. M. 
  
Ma 
,  
Comput. Phys. Commun. 
  
183 
,  
2063 
 ( 
2012 
).  
https://doi.org/10.1016/j.cpc.2012.05.008 
Google Scholar 
Crossref 
  
  
36. 
Y. 
  
Wang 
,  
J. 
  
Lv 
,  
L. 
  
Zhu 
, and  
Y. 
  
Ma 



,  
Phys. Rev. B 
  
82 
,  
094116 
 ( 
2010 
).  
https://doi.org/10.1103/PhysRevB.82.094116 
Google Scholar 
Crossref 
  
  
37. 
J. 
  
Lv 
,  
Y. 
  
Wang 
,  
L. 
  
Zhu 
, and  
Y. 
  
Ma 
,  
Phys. Rev. Lett. 
  
106 
,  
015503 
 ( 
2011 
).  
https://doi.org/10.1103/PhysRevLett.106.015503 
Google Scholar 
Crossref 
  
PubMed 
  
38. 



H. 
  
Wang 
,  
J. S. 
  
Tse 
,  
K. 
  
Tanaka 
,  
T. 
  
Iitaka 
, and  
Y. 
  
Ma 
,  
Proc. Natl. Acad. Sci. U.S.A. 
  
109 
,  
6463 
 ( 
2012 
).  
https://doi.org/10.1073/pnas.1118168109 
Google Scholar 
Crossref 
  
PubMed 
  
39. 
F. 
  
Peng 
,  
Y. 
  
Sun 
,  
C. J. 
  
Pickard 



,  
R. J. 
  
Needs 
,  
Q. 
  
Wu 
, and  
Y. 
  
Ma 
,  
Phys. Rev. Lett. 
  
119 
,  
107001 
 ( 
2017 
).  
https://doi.org/10.1103/PhysRevLett.119.107001 
Google Scholar 
Crossref 
  
PubMed 
  
40. 
H. 
  
Liu 
,  
I. I. 
  
Naumov 
,  
R. 
  
Hoffmann 
,  
N. W. 
  
Ashcroft 
, and  
R. J. 
  



Hemley 
,  
Proc. Natl. Acad. Sci. U.S.A. 
  
114 
,  
6990 
 ( 
2017 
).  
https://doi.org/10.1073/pnas.1704505114 
Google Scholar 
Crossref 
  
PubMed 
  
41. 
Y. 
  
Sun 
,  
J. 
  
Lv 
,  
Y. 
  
Xie 
,  
H. 
  
Liu 
, and  
Y. 
  
Ma 
,  
Phys. Rev. Lett. 
  
123 
,  
097001 
 ( 
2019 
).  
https://doi.org/10.1103/PhysRevLett.123.097001 



Google Scholar 
Crossref 
  
PubMed 
  
42. 
G. 
  
Kresse 
 and  
J. 
  
Furthmüller 
,  
Phys. Rev. B 
  
54 
,  
11169 
 ( 
1996 
).  
https://doi.org/10.1103/PhysRevB.54.11169 
Google Scholar 
Crossref 
  
  
43. 
J. P. 
  
Perdew 
 and  
Y. 
  
Wang 
,  
Phys. Rev. B 
  
45 
,  
13244 
 ( 
1992 
).  
https://doi.org/10.1103/PhysRevB.45.13244 
Google Scholar 



Crossref 
  
  
44. 
P. E. 
  
Blöchl 
,  
Phys. Rev. B 
  
50 
,  
17953 
 ( 
1994 
).  
https://doi.org/10.1103/PhysRevB.50.17953 
Google Scholar 
Crossref 
  
  
45. 
G. 
  
Kresse 
 and  
D. 
  
Joubert 
,  
Phys. Rev. B 
  
59 
,  
1758 
 ( 
1999 
).  
https://doi.org/10.1103/PhysRevB.59.1758 
Google Scholar 
Crossref 
  
  
46. 
J. W. 
  



Ross 
 and  
D. J. 
  
Lam 
,  
Phys. Rev. 
  
165 
,  
617 
 ( 
1968 
).  
https://doi.org/10.1103/PhysRev.165.617 
Google Scholar 
Crossref 
  
  
47. 
G. H. 
  
Lander 
 and  
M. H. 
  
Mueller 
,  
Acta Crystallogr. B 
  
26 
,  
129 
 ( 
1970 
).  
https://doi.org/10.1107/S0567740870002066 
Google Scholar 
Crossref 
  
  
48. 
T. 
  
Kenichi 
 and  



A. K. 
  
Singh 
,  
Phys. Rev. B 
  
73 
,  
224119 
 ( 
2006 
).  
https://doi.org/10.1103/PhysRevB.73.224119 
Google Scholar 
Crossref 
  
  
49. 
D. 
  
Errandonea 
,  
L. 
  
Burakovsky 
,  
D. L. 
  
Preston 
 et al,  
Commun. Mater. 
  
1 
,  
60 
 ( 
2020 
).  
https://doi.org/10.1038/s43246-020-00058-2 
Google Scholar 
Crossref 
  
  
50. 
S. 
  



Qin 
,  
S. 
  
Liu 
,  
C. 
  
Zhang 
,  
J. 
  
Xin 
,  
Y. 
  
Wang 
, and  
Y. 
  
Du 
,  
Calphad 
  
48 
,  
35 
 ( 
2015 
).  
https://doi.org/10.1016/j.calphad.2014.10.008 
Google Scholar 
Crossref 
  
  
51. 
F. 
  
Ling 
,  
K. 
  
Luo 
,  
L. 
  



Hao 
,  
Y. 
  
Gao 
,  
Z. 
  
Yuan 
,  
Q. 
  
Gao 
,  
Y. 
  
Zhang 
,  
Z. 
  
Zhao 
,  
J. 
  
He 
, and  
D. 
  
Yu 
, ACS Omega  
5 
,  
4620 
 ( 
2020 
). 
52. 
S. 
  
Danzenbächer 
,  
S. L. 
  
Molodtsov 
,  
J. 



  
Boysen 
,  
C. 
  
Laubschat 
,  
A. M. 
  
Shikin 
,  
S. A. 
  
Gorovikov 
, and  
M. 
  
Richter 
,  
Phys. Rev. B 
  
64 
,  
035404 
 ( 
2001 
).  
https://doi.org/10.1103/PhysRevB.64.035404 
Google Scholar 
Crossref 
  
  
53. 
A. 
  
Togo 
 and  
I. 
  
Tanaka 
,  
Scr. Mater. 
  
108 
,  
1 



 ( 
2015 
).  
https://doi.org/10.1016/j.scriptamat.2015.07.021 
Google Scholar 
Crossref 
  
  
54. 
W. P. 
  
Crummett 
,  
H. G. 
  
Smith 
,  
R. M. 
  
Nicklow 
, and  
N. 
  
Wakabayashi 
,  
Phys. Rev. B 
  
19 
,  
6028 
 ( 
1979 
).  
https://doi.org/10.1103/PhysRevB.19.6028 
Google Scholar 
Crossref 
  
  
55. 
A. 
  
Dewaele 
,  
J. 
  
Bouchet 



,  
F. 
  
Occelli 
,  
M. 
  
Hanfland 
, and  
G. 
  
Garbarino 
,  
Phys. Rev. B 
  
88 
,  
134202 
 ( 
2013 
).  
https://doi.org/10.1103/PhysRevB.88.134202 
Google Scholar 
Crossref 
  
  
56. 
J. 
  
Bouchet 
,  
Phys. Rev. B 
  
77 
,  
024113 
 ( 
2008 
).  
https://doi.org/10.1103/PhysRevB.77.024113 
Google Scholar 
Crossref 
  
  
57. 
S. 



  
Raymond 
,  
J. 
  
Bouchet 
,  
G. H. 
  
Lander 
,  
M. L. 
  
Tacon 
,  
G. 
  
Garbarino 
,  
M. 
  
Hoesh 
,  
J. P. 
  
Rueff 
,  
M. 
  
Krisch 
,  
J. C. 
  
Lashley 
,  
R. K. 
  
Schulze 
 et al,  
Phys. Rev. Lett. 
  
107 
,  
136401 
 ( 
2011 



).  
https://doi.org/10.1103/PhysRevLett.107.136401 
Google Scholar 
Crossref 
  
PubMed 
  
58. 
J. 
  
Bouchet 
,  
R. C. 
  
Albers 
,  
M. D. 
  
Jones 
, and  
G. 
  
Jomard 
,  
Phys. Rev. Lett. 
  
92 
,  
095503 
 ( 
2004 
).  
https://doi.org/10.1103/PhysRevLett.92.095503 
Google Scholar 
Crossref 
  
PubMed 
  
59. 
Y. 
  
Zhao 
,  
J. 
  
Zhang 



,  
D. W. 
  
Brown 
,  
D. R. 
  
Korzekwa 
, and  
R. S. 
  
Hixson 
,  
Phys. Rev. B 
  
75 
,  
174104 
 ( 
2007 
).  
https://doi.org/10.1103/PhysRevB.75.174104 
Google Scholar 
Crossref 
  
  
60. 
W. 
  
Tang 
,  
E. 
  
Sanville 
, and  
G. 
  
Henkelman 
,  
J. Phys. Condens. Matter 
  
21 
,  
084204 
 ( 
2009 



).  
https://doi.org/10.1088/0953-8984/21/8/084204 
Google Scholar 
Crossref 
  
PubMed 
  
61. 
J. M. 
  
Wills 
 and  
O. 
  
Eriksson 
, “ 
Actinide ground-state properties, theoretical predictions 
,”  
Los Alamos Sci. 
  
26 
,  
128 
 ( 
2000 
). 
Google Scholar 
  
62. 
W. 
  
Xie 
,  
W. 
  
Xiong 
,  
C. A. 
  
Marianetti 
, and  
D. 
  
Morgan 
,  
Phys. Rev. B 



  
88 
,  
235128 
 ( 
2013 
).  
https://doi.org/10.1103/PhysRevB.88.235128 
Google Scholar 
Crossref 
  
  
63. 
Y. 
  
Baer 
 and  
J. K. 
  
Lang 
,  
Phys. Rev. B 
  
21 
,  
2060 
 ( 
1980 
).  
https://doi.org/10.1103/PhysRevB.21.2060 
Google Scholar 
Crossref 
  
  
64. 
P. 
  
Söderlind 
,  
A. 
  
Landa 
, and  
P. E. A. 
  
Turchi 



,  
Phys. Rev. B 
  
90 
,  
157101 
 ( 
2014 
).  
https://doi.org/10.1103/PhysRevB.90.157101 
Google Scholar 
Crossref 
  
  
65. 
Y. 
  
Wang 
,  
J. J. 
  
Wang 
,  
H. 
  
Zhang 
,  
V. R. 
  
Manga 
,  
S. L. 
  
Shang 
,  
L. Q. 
  
Chen 
, and  
Z. K. 
  
Liu 
,  
J. Phys. Condens. Mattter 
  
22 



,  
225404 
 ( 
2010 
).  
https://doi.org/10.1088/0953-8984/22/22/225404 
Google Scholar 
Crossref 
  
  
66. 
Z. L. 
  
Liu 
,  
J. H. 
  
Yang 
,  
L. C. 
  
Cai 
,  
F. Q. 
  
Jing 
, and  
D. 
  
Alfe 
,  
Phys. Rev. B 
  
83 
,  
144113 
 ( 
2011 
).  
https://doi.org/10.1103/PhysRevB.83.144113 
Google Scholar 
Crossref 
  
  
67. 
Z. J. 



  
Wu 
,  
E. J. 
  
Zhao 
,  
H. P. 
  
Xiang 
,  
X. F. 
  
Hao 
,  
X. J. 
  
Liu 
, and  
J. 
  
Meng 
,  
Phys. Rev. B 
  
76 
,  
054115 
 ( 
2007 
).  
https://doi.org/10.1103/PhysRevB.76.054115 
Google Scholar 
Crossref 
  
  
68. 
R. 
  
Hill 
,  
Proc. Phys. Soc. 
  
65 
,  
349 



 ( 
1952 
).  
https://doi.org/10.1088/0370-1298/65/5/307 
Google Scholar 
Crossref 
  
  
69. 
D. 
  
Pettifor 
,  
Mater. Sci. Technol. 
  
8 
,  
345 
 ( 
1992 
).  
https://doi.org/10.1179/mst.1992.8.4.345 
Google Scholar 
Crossref 
  
  
70. 
S. F. 
  
Pugh 
,  
Philos. Mag. 
  
45 
,  
823 
 ( 
1954 
).  
https://doi.org/10.1080/14786440808520496 
Google Scholar 
Crossref 
  
  
71. 
D. 



  
Farkas 
,  
Modell. Simul. Mater. Sci. Eng. 
  
2 
,  
975 
 ( 
1994 
).  
https://doi.org/10.1088/0965-0393/2/5/003 
Google Scholar 
Crossref 
  
  
72. 
K. H. 
  
Eckelmeyer 
,  
A. D. 
  
Romig 
, and  
L. J. 
  
Weirick 
,  
Metall. Trans. A 
  
15 
,  
1319 
 ( 
1984 
).  
https://doi.org/10.1007/BF02648560 
Google Scholar 
Crossref 
  
  
73. 
C. 
  
Yang 



 and  
L. 
  
Qi 
,  
Phys. Rev. B 
  
97 
,  
014107 
 ( 
2018 
).  
https://doi.org/10.1103/PhysRevB.97.014107 
Google Scholar 
Crossref 
  
  
74. 
D. 
  
Roundy 
,  
C. R. 
  
Krenn 
,  
M. L. 
  
Cohen 
, and  
J. W. 
  
Morris 
,  
Philos. Mag. A 
  
81 
,  
1725 
 ( 
2001 
).  
https://doi.org/10.1080/01418610108216634 
Google Scholar 
Crossref 



  
  
75. 
W. 
  
Luo 
,  
D. 
  
Roundy 
,  
M. L. 
  
Cohen 
, and  
J. W. 
  
Morris 
, Jr.,  
Phys. Rev. B 
  
66 
,  
094110 
 ( 
2002 
).  
https://doi.org/10.1103/PhysRevB.66.094110 
Google Scholar 
Crossref 
  
  
76. 
Z. 
  
Liu 
 and  
J. 
  
Shang 
,  
Rare Met. 
  
30 
,  
354 



 ( 
2011 
).  
https://doi.org/10.1007/s12598-011-0302-9 
Google Scholar 
Crossref 
  
  
77. 
C. M. 
  
Cady 
,  
G. T. 
  
Gray 
,  
S. S. 
  
Hecker 
,  
D. J. 
  
Thoma 
,  
D. R. 
  
Korzekwa 
,  
R. A. 
  
Patterson 
,  
P. S. 
  
Dunn 
, and  
J. F. 
  
Bingert 
, “ 
Plastic flow characteristics of uranium-niobium as a function of strain rate and 
temperature 
,” Los Alamos National Report No. LA-UR-98-4648, 1999. 
78. 
B. T. 



  
Wang 
,  
P. 
  
Zhang 
,  
R. 
  
Lizárraga 
,  
I. 
  
Di Marco 
, and  
O. 
  
Eriksson 
,  
Phys. Rev. B 
  
88 
,  
104107 
 ( 
2013 
).  
https://doi.org/10.1103/PhysRevB.88.104107 
Google Scholar 
Crossref 
  
  

© 2023 Author(s). Published under an exclusive license by AIP Publishing. 

Supplementary Material 

Supplementary Material- zip file 

You do not currently have access to this content. 

Sign in 

Don't already have an account? Register 
Sign In 

Username  



Password  
SIGN IN 
Reset password 
Register 

Sign in via your Institution 

Sign in via your Institution 
Pay-Per-View Access 

  
$40.00 

 BUY THIS ARTICLE 
View Metrics 
Citing Articles Via 
Web Of Science (1) 
Google Scholar 
CrossRef (1) 

 
 

Submit your article 
 

 

  



Sign up for alerts 
 

 Most Read 
 Most Cited 

A step-by-step guide to perform x-ray photoelectron spectroscopy 
Grzegorz Greczynski, Lars Hultman 
GaN-based power devices: Physics, reliability, and perspectives 
Matteo Meneghini, Carlo De Santi, et al. 
Theoretical modeling of defect diffusion in wide bandgap semiconductors 
Ylva Knausgård Hommedal, Marianne Etzelmüller Bathen, et al. 

 Online ISSN 1089-7550 

  

 Print ISSN 0021-8979 

 © Copyright 2024 AIP Publishing LLC 

 


